Inclusive and Direct Photons in S + Au Central Collisions at 200 A GeV/c 
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A hadron and string cascade model, JPCIAE, which is based on LUND string model, PYTHIA event 
generator especially, is used to study both inclusive photon production and direct photon production 
in 200A GeV S + Au central collisions. The model takes into account the photon production from 
the partonic QCD scattering process, the hadronic final-state interaction, and the hadronic decay 
and deals with them consistently. The results of JPCIAE model reproduce successfully both the 
WA93 data of low pr inclusive photon distribution and the WA80 data of transverse momentum 
dependent upper limit of direct photon. The photon production from different decay channels is 
investigated for both direct and inclusive photons. We have discussed the effects of the partonic 
QCD scattering and the hadronic final-state interaction on direct photon production as well. 

PACS numbers; 25.75.-q, 24.85. -fp, 13.85. Qk, 13.75.Cs 
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I. INTRODUCTION 

Currently, relativistic nucleus- nucleus collisions are 
used to study the characteristics of nuclear matter un- 
der extreme conditions. One of the goals in this study is 
to search for the quark-gluon plasma (QGP), which is be- 
lieved to be formed at high temperature and/or density 
during a nucleus- nucleus collision at high energies. 
Photons arising from the electromagnetic interactions of 
the constituents of the plasma will provide information 
on the properties of the plasma at the time of their pro- 
duction ||]. Since photons hardly reinteract in the pro- 
duced medium, they form a relatively 'clean' probe to 
study a QGP state. The possible detection, in near fu- 
ture, of the photon produced in the QGP phase in rel- 
ativistic heavy- ion collider (RHIC) and/or large hadron 
collider (LHC) will be of great interest in probing such a 
QGP state, but presently that might not be the case at 
CERN SPS energies 

Photons measured after the subtraction of the photons 
from meson decays are usually called "direct photon". 
The direct photons could be produced from the inter- 
action of matter in the QGP phase, a mixed QGP and 
hadron phase, and a pure hadron phase The ther- 

mal direct photon and prompt direct photon are referred 
to the photons produced from the partonic QCD pro- 
cesses in the QGP phase and in the hadron phase, respec- 
tively. However, the photons produced in the hadronic 
interactions are sorted into hadronic direct photon, al- 
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though the prompt direct photon is also originated from 
hadrons. Different processes give rise to photons in differ- 
ent (transverse) momentum regions. Of course, photons, 
which might show up in the low transverse momentum 
region, extending to the region of intermediate transverse 
momentum of 1 —3 GeV/c, from a QGP are specially im- 
portant. Photons with energies up to 2 GeV can come 
from the decay of tt'^ and 77 resonances as well as from 
p,uj,ri' , and ai, and from the interaction of hadron mat- 
ter via np 77r and tttt — > jp reactions (i.e., hadronic 
direct photons) JTij-pTt. If a hot quark-gluon plasma is 
formed initially, clear signal of photon from the plasma 
could be visible by examining photons with px in the 
region of 2—3 GeV/c P p^. However, photons in this 
transverse momentum region could also be produced in 
the collision of a parton from the projectile nucleon with 
another parton from the target nucleon, i.e., prompt di- 
rect photon. Such a contribution must be subtracted in 
order to infer the net photons from the QGP source, i.e., 
thermal direct photon. 

WA80 experimental data of transverse momentum de- 
pendent upper limits of direct photon in 200 A GeV/c 
S -I- Au central collisions initiate theoretical inter- 
ests extensively Refs. ^ and concluded 
that WA80 data can only be understood if a scenario 
with QGP phase transition is assumed. However, in Ref. 
ipTf the single photon production has been calculated us- 
ing relativistic hadronic transport model and taking into 
account self-consistently the change of hadron mass in 
dense matter. It was found there that the spectra with 
either free or in-medium meson mass do not exceed the 
WA80 upper limits, although the experimental transverse 
momentum distribution in low px region was not repro- 
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FIG. 1. Transverse momentum distribution of direct pho- 
ton (in rapidity range of 2.1 <y< 2.9) produced in S + An 
central collisions at 200 A GeV/c. The arrows stand for WA80 
upper limits at the 90% confidence level the solid circles 
refer to the results of JPCIAE, and the dashed curve are the 
results of 0]. 

A collision time is calculated according to the require- 
ment that the minimum approaching distance of a col- 
liding pair should be less than or equal to the value 
\/auIpK, where atot is the total cross section of the col- 
liding pair. The minimum distance is calculated in the 
center of mass system (C.M.S.) frame of the two collid- 
ing particles. If these two particles are moving towards 
each other at the time when both of them are "born" , the 
minimum distance is defined as the distance perpendicu- 
lar to the momenta of both particles. If the two particles 
are moving back to back, the minimum distance is de- 
fined as the distance at the moment when both of them 
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FIG. 3. The transverse momentum distribution of inclu- 
sive photons in S + Au central collisions at 200 A GeV/c. The 
solid circles represent WA93 data, the open circles refers to 
the results of JPCIAE normalized to the experimental data at 
Pt = 0.5 GeV/c, the open triangles are the results of VENUS 
4.12 normalized to the experimental data at pr = 0.3 GeV/c 
and the dotted histogram is WA80 decay photons. 

We have inspected this model and the corresponding 
event generator, JPCIAE, by comparing model predic- 
tions with the NA35 data of the charge multiplicity, the 
rapidity and the transverse momentum distributions of 

the negative charge particles (h~) and the participant 

I I I I protons in pp, pA, and AB collisions |Q. The agree- 

ments between theory and experiment are reasonably 
good. The model has explained successfully the J/tp sup- 
pression in pA and AB (including PbPb) as well [^ , ^ . 
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FIG. 4. The transverse momentum distributions of pho- 
tons in central colhsions S + An at 200 A GeV/c. The solid, 
the long-dashed, the dotted, the dashed, and the dot-dashed 
curves represent the inclusive photons, the vr" decay, the A 
decay, the rj and rj' decays, and the p decay photons, respec- 
tively. 

After WA80 measured the upper limits of direct photon 
in S + Au central collisions at 200A GeV/c, WA93 mea- 
sured further the low transverse momentum distribution 
of inclusive photons for the same reaction system. WA93 
data (solid circles with error bar) are compared with the 
WA80 results of decay photons (dotted histogram) and 
with the theoretical calculations of VENUS 4.12 (open 
triangles, normalized to the experimental data at pt = 
0.3 GeV/c)) in Figure | In this fi gure the open circle 
are the results of JPCIAE normalized to the experimen- 
tal data at px = 0.5 GeV/c. From this figure one knows 
that the WA93 datum point below pt = 0.1 GeV/c is 
distinctly larger than the WA80 decay photons and the 
VENUS 4.12 resuhs. However, JPCIAE reproduces this 
WA93 datum point and others successfully due to the 
contributions from partonic QCD processes (low-pT pro- 
cesses) and from emission of photons off quarks and lep- 



a factor of 1.5 . This increasing factor is even bigger in 
the low transverse momentum region. The 7r° yield with 
rescattering at pr = 0.05 GeV/c is about 2.4 times of the 
one without rescattering. The enhancement of tt" yield 
due to rescattering also responds to the inclusive photon 
production enhancement at low transverse momentum. 

In summary, we have used the hadron and string cas- 
cade model, JPCIAE, to study the photon production 
in 200A GeV/c S + Au central collisions. The model 
takes into account photon production from the partonic 
QCD process, the hadronic final-state interaction, and 
the hadron decay and deals with them consistently. The 
results of JPCIAE reproduce successfully both the WA80 
data of transverse momentum dependent upper limits of 
the direct photon and the WA93 data of inclusive photon 
low transverse momentum distribution. We have com- 
pared the contributions from different hadron decays and 
the results show that tt*^ is much dominant in the inclu- 
sive photon production. Therefore tt'^ rescattering plays 
an important role in low transverse momentum distribu- 
tion of inclusive photon. The partonic QCD processes 
(low-pT processes) and the photon emission off quarks 
and leptons in shower are quite important in transverse 
momentum distribution at low px region both for inclu- 
sive photon and direct photon. 
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FIG. 5. The rescattering effects to the tt" production in 
central S + Au collisions at 200 A GeV/c. The solid and the 
dashed curves are the results with and without rescattering, 
respectively. 

Figure |^ shows the rescattering effect to the 7r° pro- 
duction in S -I- Au central collisions at 200A GeV/c. In 
this figure the transverse momentum distributions of tt^ 
with and without rescattering are shown, respectively, by 
the solid and the dashed curves. The total neutral pion 
yield with rescattering is nearly twice of the one without 
rescattering. In the high transverse momentum region 
the effect of rescattering leads tt'^ yield increasing nearly 
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